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Hydraulic model studies  of the headworks and s lu iceway of  

Woodston Diversion Dam--Missouri River Basin Project ,  Kansas 

SUMMARY 

Woodston Diversion Dam is part of the Missouri River Basin 
Project. It is built on the South Fork of the Solomon River in Kansas. 
Because sediment inflow into the headworks was a major consideration 
in  the design, the Hydraulic Laboratory was asked to make a model 
study to assist in  determining the final arrangement of the headworks, 
sluiceway, and guide walls in  regard to sediment control. 

Tests were made with a 1:8 scale hydraulic model. The head- 
works, sluiceway, and part  of the r iver approach were represented. 
As a basis to compare the various arrangements tested, the model was 
first operated without a sediment-excluding device. The result of this 
run was expressed a s  a concentration ratio (the average sediment 
concentration of the sluiceway flow divided by that of the headworks). 
The value of this ratio for the initial run was 0.51. The operating char- 
acteristics of ten changes and one auxiliary run were studied, and con- 
centration ratios were iTieasured for each arrangement. Table 1 gives 
a description of all  runs made. The effectiveness of each change has 
been expressed a s  a performance ratio. This is defined a s  the concen- 
tration ratio for the change divided by that of the initial run. 

Change 5 was recommended to be incorporated in the final pro- 
totype design. The concentration ratio for this arrangement was 4.76, 
resulting in a performance 9.35 times better than the model operating 
without any sediment-excluding device. Figures 10 and 2 1  show the 
model of the recommended layout. Figure 2 shows the general plan 
and sections of the prototype structure. 



In compliance with the request of December 14, 1956, from 
Chief of Canals Branch, a hydraulic model study was made of the 
Woodston Diversion to develop a sediment control arrangemeizt . 

The sediment -excluding device incorporated in  the prelim - 
inary design was evolved through the joint efforts of the Canals and 
Headworks Section, Canals Branch, and the Hydraulic Laboratory. 
From past experience with other sediment model studies and because 
of the debris expected in the r iver  flow, it  was decided to  limit the 
study to curved guide walls and related structures. 

The prototype of Woodston Diversion is located in Kansas 
on the South Fork of the Solomon River and is part of the Missouri 
River Basin Project. Figure 1 shows a location map. 

The dam consists of an earth dike approximately 2,100 
feet long,' a 151-foot-long ogee spillway, an 8-foot wide sluiceway, 
and a 7-foot-wide headworks. The diversion works is to feed 
Osborne Canal which will ca r ry  irrigation water for 8,500 acres  of 
land on the north side of the r iver.  The general layout of the dam 
can be seen in  Figure 2. 

CONSTRUCTION AND OPERATION OF MODEL 

A 1:8 scale model of Woodston Diversion Dam was can- 
structed in an existing box. The sand available and used in this 

: study was produced from a loosely cemented sandstone. The stone 
i was broken down in a hammer mill. The result was a fine, uni- 

form sand that moved well with fairly low water velocities. ??is-re 
3 shows the comparison of the prototype and model sand settking 
velocities when a scale ratio of 1: 8 is applied. The 50 percent .sizes 
a r e  almost identical in settling characteristics. It was on this basis 
that 1:8 was selected a s  the scale to  be used throughout the study. 
Figure 4 shoivs the comparison of the model and prototype sediment 
size analyses . 

To expedite the installation and the operation of the hydrau- 
lic model, it was constructed so  a s  to appear a s  a mir ror  image of 
the prototype structure. Figure 5 shows the general plan of the 
model. Common to all runs made, the model represented structur- 
ally the headworks with i t s  7- by6-112-foot slide gate, the sluice- 
way with its 8- by 18-foot radial gate, and approximately 240 feet 
of riverbed upstream from the diversion. 

To obtain the model discharges, a statistical analysis was 
made from data compiled by the McCook field office for their sand 
load study. Data for the Years 1920 to 1948 were included in the 
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The -average flow in the headworks, based on an operation study made 
in the field for the Division of Project Investigations, was 42 cubic feet 
per second. This left an average of 35 cubic feet per second for sluic- 
ing. The average hydrographs for the r iver discharge and for the flow 
to be diverted can be seen in Figure 6. 

The model was always operated at the normal water surface 
elevation of 1686.5 feet just upstream of the spillway except during 
the auxiliary run. This elevation is 0.5 of a foot below the spillway 
crest .  The tail water elevation maintained in  the headworks was 
based on the assumption that the checks in the canal a r e  too far  down- 
stream to affect the water surface at the headworks. As the entire 
length of the headworks was not included in the model, the tail water 
elevations of the curve shown inFigure 2 were corrected for friction 
loss. 

The sediment was recirculated by a sediment pump, and its 
discharge was measured by means of a 2-inch plastic venturi meter. 
The sediment discharge was spread over the upstream end of the model 
by a parabolic spreader. The sediment pump, the plastic venturi meter, 
and spreader a r e  shown in Figure 7. 

Sand was added to the sediment pump flow until the bed had 
established a slope sufficient to move 125 parts  per million of sedi- 
ment by weight. This is the average amount a s  determined from the 
sediment discharge curve in  Figure 8. The curve was computed 
using Schoklitsch's formula. 

Samples of the sand and water being discharged through the 
headworks and sluiceway were taken by passing slotted troughs 
through the water nappes. The samples passed through conduits 
to calibrated tanks and the volume of the total sample was read in 
liters. At the bottom of the tanks were removable glass cones that 
retained the sediment after a major portion of the water had been 
drained. The sediment was then washed into centrifuge tubes where 
i ts  volume was read in milliliters. The sampling tanks and the slot- 
ted trough can be seen in  Figure 9. 

For each sediment-excluding arrangement, a performance 
ratio was calculated for comparing i t s  effectiveness to the initial run 
which had no excluding devices installed. The performance ratio (Pr) 
is defined as: 

,- i -. - C,+ 

where 







CHANGE 5 (Recommended Design) 

F'or Change 5, the elevation of the channel bottom downstream 
from the headworks slide gate w;rs raised-to elevation 1680.30. This 
increased the difference in elevation between the headworks and sluice- 
way channels to 3.-?0 feet. The sharp-edged sill had a 21-inch over- 
hang and was 6 inches above the headworks floor elevation. The depth 
of skim of the curtain wall was decreased to 1.5 feet. Figure 10 shows 
the sectional view of this change. The model was operated for 29 hours, 
duping which samples were obtained. The average concentration ratio 
(Cs/Ch) was 4.76, and the performance ratio (Crt/ Cri) was 9.35. 
These ratios were the best obtained throughout the study for average 
discharges. As can be seen in Figure 21, there was no deposit of sand 
on the overhanging sill. On the basis of these high ratios, this arrange- 
ment was recommended for incorporation into the final design. 

CHATGE 6 I 

Ti, jz - 

For Change 6, everjrthing Gas left the same as in Change 5 
except that the sluice gate vras moved 3 feet 4 inches upstream. This 
was done to erode the bed to a lower elevation beneath the headworks 
lip. Figure 22 shows the model after 50 hours' operation: The bed 
was lower, but the minor vortex in front of the sluice gate was closer 
to the headworks and caused sand to be entrained in  the headworks 
flow. The concentration ratio ( c s /  Ch) dropped to 2.94, and the per-  
formance ratio (crt/ cr i )  was 5.76. 

CEANGE 7 

For Change 7 ,  the guide wall channel widtl3was increased to 
6 feet 6 inches. This was done in hopes that the turbulence would be 
reduced without sufficient velocity reduction to ra ise  the bed above 
the lip elevation oQ the headworks. The sluiceway gate was left in  the 
same location as for Change 6. The radius of the guide wall was 21 
feet and it encompassed an a r c  of 730. The guide wall was curved 
to meet the sluiceway wall tangentially. The model was operated 
for 46 hours withthis arrangement installed. The concentration ' 

ratio (Cs/Ch) was 1.23, and the performance ratio (crtlCri) was 
2.41. Figure 2 3 shows the model in operation. Note the large vor- 
tex caused by the sluiceway. This vortex, along with the general 
rising of the bed, contributed to the higher concentration rat io,  The 
resultingbed condition in the *ids wall channelmay be seenin Figure 24. 

I '  
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the sluiceway gate-was moved back to its original position. The sec - 
tional view of the headworks for this arrangement can be seen in  
Figure 10. The model was operated 26 hours, durin which samples f were taken. The average concentration ratio (Cs/Ch was 1.72, axid 
the performance ratio (Crt/Cri) was 3 . 3 8 .  The condition of the guide 
wall channel bed can be seen in  Figure 25. Note that the curtain wall 
was removed so  a s  to get a better photograph of the sand that piled 
up on the upstream edge of the overhanging sill. 

CHANGE 9 

This change is the %ame a s  Change 5, but the guide wall en- 
compassed an a r c  of only 6 8 . The wall was curved to  meet the sluice- 
way wall tangentially, and the model was operated for  32 hours with 
this arrangement. Samples were taken, and the concentration ratio 
(Cs/Ch) was 2.63. The performance ratio (crt/Cri) was 5.15. The 
values for these ratios were considerably lower than for Change 5. 
Figure 26(a) shows the bad approach conditions of the bed caused by 
the short  wall length. Figure 26(b) shows the bed in  the guide wall 
channel after the run. 

CHANGE 10 

At the request of the Canals and Headworks Section, the 
arrangement of Change 9 was operated with 2 feet of stoplogs in the 
headworks. Figure 27(a) shows these stoplogs in place below the 
curtain wall. This was done to  give a greater elevation difference 
between the sPui.ceway flow and headworks flow. The model was 
operated for 26 hours. The average concentration rat io (Cs/Ch) 
was 2.17, and the performance ratio (Crt/cri) was 4.25. The con- 
dition of t'ne bed can be seen in  Figure 27(b). 

ATJXLIARY RUN 

An auxiliary run was made with the same arrangement as 
in Change 9, but the headworks discharge was increased to 161 cubic 
feet per  second, which is the maximum for the design of Osborne 
Canal. The sluiceway discharge was set  a t  35 cubic feet per second. 
The model was operated for 18 hours. The average concentration 
(Cs/Ch) ratio was 7 - 14, and the performance ratio (Crt/Cri) was 
14.0. 
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a) Sediment samplers for headworks and sluiceway 

(b) Collecting tanks for sediment samples 

Missouri River Basin Project 
WOODSTON DNERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Sediment Sampling System 





(a) Looking downstream towards headworks and sluiceway 

(b) Vortices in front of sluiceway and headworks 

Missouri River Basin )Project 
WOODST0N:DIVERSION. DAM 

Sedirnentt.Contro1 Study 
1 :8 Scale 'Hydraulic Model 





Missouri  River Basin P-oject 
WOODSTON DIVERSION DAM ... 

Sediment Control Study 
1 :8 Scale Hydraulic Model 

Guide wall installed p r io r  to operation of Change 1 



Missouri River Basin Project 
WOODSTON DNERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Vortices in front of headworks and sluiceway 
during operation of Change 1. 
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DISTANCE FROM UPSTREAM END OF GUIDE WALL IN FEET 

(a) Bed profiles measured at 27th hour of operation 

(b) Guide wall channel bed after 47  hours operation 

Missouri River Basin Project 
WOODSTON DIVERSION DAM 

Sediment Control Study 
1 :8 Scale Hydraulic Model 

Condition of guide wall channel bed - Change 1 



Missouri  River Basin Project 
WOODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Typical eros ion  pattern at upstream end 
of guide wall 



Missouri River Basin Project 
WOODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Cwtain.wal1 in front of headworks to prevent 
vortex--Change 2 



Missouri River Basin Project 
WQODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Rounded headworks' sill installed for Change 3 





Missouri  River Basin Project  
WOODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Slight sand bar  piled on top of sharp  edged s i l l  
after 25 hours  operation of Change 4 



Missouri River Basin Project  
WOODSTON DITTwRm 

< n A i m a n +  Pnt 
r YIYYiON DAM 

,,.,,,,A,... ,,.ltrol Study 
1 :8 Scale Hydraulic Model 

Condition of guide wall channel bed after ZY nours 
operation of Change 5 (recommended arrangement). 



(b) 
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Missouri River Basin Project 
WOODSTON DlVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Condition of guide wall channel bed after 50 
hours operation of Change 6 



Figure 23 

Missouri River Easin Project 
WOODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Model i n  operation--Change 7 



Missouri  River Basin Project  
WOODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Condition of guide wall channel bed after 46 
hours operation of Change 7 







.(b) Condition of guide wall channel bed after 26 
hours operation 

:;. 

Missouri River Basin Project 
WOODSTON DIVERSION DAM 

Sediment Control Study 
1:8 Scale Hydraulic Model 

Change LO 


